Fly-scan, i.e. acquiring data while motors are moving, has been shown to improve scanning speeds dramatically both for full-field and scanning-probe X-ray microscopy systems. Although scanning can be continuous, current tomographic reconstruction methods assumes that the data are taken at discrete time intervals. This yields motion-blur artifacts in reconstructed images, if the exposure times are longer, or if the probe is moving faster, than the highest setting of the detector read-out times. For object recovery in this high-speed imaging setting, long exposure durations can be represented by multiplexing of a series of short exposure photon detection processes. To this end, the existing iterative reconstruction methods were modified to incorporate multiplexed probe geometries, and simulation tests were performed to evaluate the feasibility of object recovery in the case of high-speed rotational fly-scanning scheme.
Fly-scan, i.e. acquiring data while motors are moving, has been shown to improve scanning speeds dramatically both for full-field and scanning-probe X-ray microscopy systems. Although scanning can be continuous, current tomographic reconstruction methods assumes that the data are taken at discrete time intervals. This yields motion-blur artifacts in reconstructed images, if the exposure times are longer, or if the probe is moving faster, than the highest setting of the detector read-out times. For object recovery in this high-speed imaging setting, long exposure durations can be represented by multiplexing of a series of short exposure photon detection processes. To this end, the existing iterative reconstruction methods were modified to incorporate multiplexed probe geometries, and simulation tests were performed to evaluate the feasibility of object recovery in the case of high-speed rotational fly-scanning scheme.
Differences between translational and rotational fly-scanning schemes are depicted in Fig. 1 . In the conventional translational-scanning, data is acquired while continuously moving the probe for a series of fixed rotation angles. In rotational-scanning, the object is continuously rotated for each translation position. Rotational scanning was recently proposed as a way to reduce scanning times [1] and as a way to alleviate the overlapping probe constraints in 3D ptychography [2] .
A simulation was carried out to test the feasibility of the proposed method. The Lena image was rotated multiple times for each translation point. 30 data points were acquired for each full rotation, corresponding to a rotational sweep of 12 degrees, and 6 rotations were performed that yields 180 data points for each translation point (i.e., the camera is exposed to photons between intervals of 0-12, 12-24, …, 1-13, 13-25, … degrees for each translation point). Algebraic Reconstruction Technique (ART) algorithm available in TomoPy [2] was modified for this new multiplexed scanning geometry. Fig. 2 presents the reconstructions of Lena with and without blur-correction (multiplexed-probe ART) together with the absolute error images. Because the angular distance traveled by the probe is higher with increasing distances from the rotation center, motion-blur artifacts become prominent at points away from the rotation center when the rotational sweep is not taken into consideration. On the other hand, multiplexed-probe ART yielded satisfactory reconstructions, suggesting the potential of the proposed reconstruction approach.
The proposed scanning method can be used as a new approach to overcome some the limitations of the conventional interlaced-scanning approach [4] . In interlaced-scanning, in fact, the exposure time for each datum must be small enough (given by the Crowther criterion) not to blur the data (e.g., angle ranges when shutter is open are 0-1, 12-13, …, 1-2, 13-14, …). This can be realized with a control mechanism, like a fast shutter, to select exposure times of the camera only at specific angle ranges. However, photons at intermediate angles are lost, and because the exposure times are short, the data is usually noisy. With the proposed approach, the shutter is always open, and data can be read-out continuously (e.g., angle ranges when shutter is open are 0-12, 12-24, …, 1-13, 13-25, …), thus yielding better photon statistics, owing to the longer exposure times. Fig. 2 presents a comparison of these two approaches for recovery of a noisy Lena image. The proposed scanning method provides an improved signal-to-noise ratio and suggests a new and generalized way of interlaced-scanning [5] . In traditional translational-raster-scanning data is acquired while translating the probe for a series of fixed rotation angles, whereas, in rotational-raster scanning, the data is acquired during rotation for a fixed translation position. High-speed scanning introduces motion-blur in data because of the longer exposure times needed for data collection. Step-Interlaced-Scanning Fly-Interlaced-Scanning
